Introduction {#Sec1}
============

Terrorism-related and shooter incidents present enormous challenges not only for emergency service responders at the scene but also for nearby hospitals, which may be confronted with unusual patterns of injury and large numbers of patients \[[@CR1]--[@CR3]\].

Depending on the type of incident, these situations can cause mass casualties (e.g. mass-casualty terrorist incidents) and overwhelm the treatment resources of a hospital \[[@CR4], [@CR5]\].

Especially perforating and penetrating injuries to body cavities or junctional injuries (in the cervical, axillary or inguinal regions) from projectiles, projectile fragments or other fragments lead to an increased number of patients with life-threatening bleeding that requires surgical management \[[@CR6], [@CR7]\].

These special injury patterns and a disproportionate number of haemodynamically unstable casualties who require rapid intervention contribute to the dynamic nature of terrorist incidents, which further exacerbates the situation in terms of both the quantity and quality of care \[[@CR4], [@CR7], [@CR8]\].

Terrorist incidents may present not only as war-like scenarios with the injury patterns described above but also, for example, as traffic accidents, as the recent attacks at Breitscheidplatz in Berlin in 2016 and on the Promenade des Anglais in Nice in 2016 have shown \[[@CR9]--[@CR11]\].

Maximising the number of survivors requires an initial tailored tactical response to the exceptional situation of a mass-casualty terrorist or shooter incident, the identification of treatment priorities, and the optimum use of available resources.

In such a situation, it must be accepted that the availability of only limited resources is the basis and justification for triage or the sorting of casualties into priorities until reliable information on the situation suggests otherwise. Accurate triage is then the basis for the appropriate allocation of diagnostic and treatment resources according to priorities.

These principles make clear that hospitals must inevitably modify the further management of patients and the organisation of care \[[@CR4], [@CR8], [@CR10]\].

The objective of this article is to assess how team organisation, diagnostic procedures and treatment can be structured and modified on the basis of **T**error and **D**isaster **S**urgical **C**are (TDSC®) principles in such a way that a maximum number of patients can receive optimum care.

Terror and Disaster Surgical Care (TDSC®)---background and principles {#Sec2}
=====================================================================

TDSC® and tactical care {#Sec3}
-----------------------

Following a description of the background and special aspects of terrorism-related incidents, their consequences for hospitals, and the associated development of the TDSC® course (see article 1 of this Focus-On - Issue; Friemert et al.), this article explains how the focused deployment of diagnostic, interventional, surgical and other resources can contribute to maximising the number of survivors through the provision of what may be termed minimum essential care for as many patients as possible (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1*POC* point of care, *DCS* damage control surgery, *TASC* tactical abbreviated surgical care, *eFAST* extended focused assessment with sonography in trauma, *BGA* blood gas analysis

Unlike in the setting of the individualised management of patients in the trauma room (e.g. advanced trauma life support---ATLS® by trauma teams) and the surgical management of patients on the basis of the principles of **e**arly **t**otal **c**are (ETC) and **d**amage **c**ontrol **s**urgery (DCS), major incidents may require the allocation of resources in accordance with **t**actical **a**bbreviated **s**urgical **c**are (TASC) principles until capacities are no longer overwhelmed \[[@CR12]\].

Whereas the damage control (DC) approach is based on an overall assessment of the individual patient, TASC depends on the situation, which determines the type of approach and the extent of initial diagnostic and medical or surgical procedures required to ensure immediate survival.

TDSC® and the role of triage {#Sec4}
----------------------------

Effective *in*-hospital management of patients must be based on priorities and necessitates the standardised sorting and categorisation of the injured *at* the hospital. This is the task of the senior triage coordinator.

The aim of triage, or the sorting of the injured, is to identify casualties with life-threatening injuries in environments with scarce resources. Triage category 1 (T1) (red) encompasses patients with an acute life-threatening condition. T2 (yellow) patients require urgent treatment. If they do not receive immediate care, they may suffer a loss of function but the underlying injury is not an immediate life-threatening condition.

T3 (green) patients are able to walk and present with minor injuries that may require monitoring. They must be examined by a physician as soon as sufficient resources are available.

Mass-casualty terrorist incidents are associated with a large number of penetrating injuries. Haemodynamically unstable patients with major bleeding into body cavities are categorised as T1 +  + (red).

These patients can only be stabilised and can only survive if they receive rapid surgical treatment. In mass-casualty terrorist incidents, surgical care for these patients can only be achieved if organisational aspects and the allocation of resources are optimised.

Modifying medical care on the basis of tactical aspects {#Sec5}
-------------------------------------------------------

What, then, are the options for modifying medical care on the basis of tactical aspects in the setting of a terrorism-related incident in which resources are limited?**Modification of treatment aims** Eminence-based treatment aim (survival of as many victims as possible) instead of evidence-based individualised approaches (ETC and DCS---best individual outcomes).**Focused allocation of treatment resources** Surgical care for patients who can be treated surgically with available technical equipment and who have the best prognosis in terms of survival and full recovery (e.g. neurological function). Transfer of haemodynamically stable patients with injuries that cannot be managed surgically with available resources (e.g. head or vascular injuries).**Formation of treatment teams and operating teams** Formation of treatment teams (TASC teams) that have the skills needed to ensure patient survival (for example at a treatment station) instead of interdisciplinary teams that provide optimum individualised trauma room care based on injury patterns Formation of teams with experience in the management of injuries involving body cavities and initial surgery focusing on bleeding control.**Temporary acceptance of compromised conditions in patients** Permissive hypotension. Permissive anaemia**Focused diagnostic laboratory and imaging procedures** Bedside and point-of-care laboratory tests required for diagnosis and successful surgical management. Initial focus on routine laboratory tests for ensuring the availability of patient-specific blood products as early as possible. Diagnostic laboratory tests only if relevant for treatment.**Calculated instead of targeted replacement of blood and clotting products** Replacement of oxygen carriers and clotting products on the basis of the estimated blood loss as determined using surrogates (e.g. haemoglobin, base excess, thrombin time, international normalised ratio), severity of shock, and trauma-induced coagulopathy (TIC).

Whereas items 1 to 3 are the subjects of other articles of this special issue, items 4 to 6 are addressed in detail here.

TDSC®---organisational elements in hospitals {#Sec6}
--------------------------------------------

In-hospital triage is essential since it provides an important basis of decisions regarding the prioritisation of available resources in a situation in which normal capacities are overwhelmed and untriaged patients are likely to arrive at a hospital in an uncoordinated manner.

After the sorting of patients by the senior triage coordinator (CATEGORISING), TASC teams perform the primary survey and the emergency operational and medical coordinator (EOMC, ZONK) prioritises patients for further diagnostic and surgical procedures (PRIORITISING).

Haemodynamically unstable patients who require immediate surgery for stabilisation are directly identified. The ZONK arranges only for diagnostic and other procedures that are essential for ensuring patient survival and determines the scope of the measures to be implemented (COORDINATING). After the type and scope of surgery are defined, patients are taken to the operating room and undergo surgery as planned (IMPLEMENTING).

Under these exceptional conditions, the initial focus is on maximising the number of survivors and not on achieving the best possible functional outcome for every patient. The management of mass-casualty events requires rapid, targeted and effective decision-making based on simple criteria, robust leadership and direct communication.

The primary purpose of all measures is to rapidly identify haemodynamically unstable patients with life-threatening uncontrollable bleeding (T1 + +), to immediately arrange for and perform surgery without delay, and to make available essential resources.

The role of triage in the focused allocation of resources---categorising {#Sec7}
========================================================================

The rapid provision of care designed to ensure patient survival decisively depends on the in-hospital sorting of patients by the senior triage coordinator on the basis of hospital-specific aspects of how to categorise patients, how to assign patients to appropriate treatment areas, and thus how to determine further diagnostic studies and the further management of patients. Both under-triage and over-triage have been shown to adversely affect patient survival and the allocation of resources \[[@CR13]\].

Appropriate triage is a prerequisite for the further management of patients in treatment areas on the basis of priorities and triage categories \[[@CR14]--[@CR16]\].

After rapid triage at the hospital, extended focused assessment with sonography in trauma (eFAST) and the primary survey by a TASC team in an appropriate hospital treatment area allow overall injury severity to be assessed and enable the emergency operational and medical coordinator (EOMC) to sort patients and especially haemodynamically unstable patients into priorities for further treatment \[[@CR12]\].

Formation of treatment teams and operating teams {#Sec8}
================================================

TASC teams with appropriate skills instead of interdisciplinary trauma room teams {#Sec9}
---------------------------------------------------------------------------------

The advanced trauma life support (ATLS®) system and the current version of the German Level 3 Guideline on the Treatment of Patients with Severe/Multiple Injuries \[[@CR17]\] address the management of patients in a fully equipped trauma room and define team composition, diagnostic procedures and necessary resources accordingly.

Patients should receive the best possible care and individualised treatment that is tailored to the individual patient, the mechanisms of injury, and the related suspected injury patterns. In a situation in which resources are overwhelmed, the preparation and organisation of care must be modified in accordance with the above-mentioned principles of TDSC®.

Redundant skills and alternative treatment options are absolute exceptions. In a mass-casualty terrorist event or another major incident, the injured are triaged at the hospital to the treatment area that is most appropriate to their specific triage category.

This is where an ATLS® primary survey is conducted and surgeons with the required skills initiate treatment designed to ensure the survival of the patient. The skills that these surgeons must have in order to conduct a primary survey in accordance with ATLS® include the induction of anaesthesia and intubation, surgical airway, needle decompression of the chest, chest drain insertion, pericardiocentesis and eFAST, pressure dressings, tamponade, tourniquets, and the application of a pelvic binder.

Small effective teams (TASC teams) should be formed. *Together* the members of TASC teams must master the aforementioned skills and be able to use them in tactical settings.

Depending on the assessment of the overall condition of the patients and the development of the situation, the emergency operational and medical coordinator (EOMC) determines priorities for surgical procedures, the type and scope of surgical and diagnostic procedures, the planned management of patients, and the order in which patients should undergo surgery.

Minimum essential care instead of best possible care {#Sec10}
----------------------------------------------------

Apart from basic supplies and equipment (e.g. suction unit, ventilator, ultrasound device, monitors), this approach requires only a core team (TASC team) that has the necessary skills and may consist of a specialist in anaesthesiology and a resident in surgery---or a specialist in surgery and a resident in anaesthesiology---and an emergency department (ED) nurse. Teams are formed on the basis of skill levels (e.g. ATLS® providers) and clinical experience and medical or surgical specialties.

Unlike the "best possible care" principle, this approach does not require a trauma room and an interdisciplinary team of specialists who act as *one* but a treatment team (TASC team) that provides patient-focused treatment in the hospital. These personnel and equipment resources provide the basis for ensuring the delivery of minimum essential care wherever required and thus for ensuring the survival of patients.

Triage category 1 (T1) (red) casualties by definition present with immediate life-threatening conditions. Accordingly, one TASC team is required per T1 (red) patient.

Depending on the availability of personnel and other resources, this requirement of one treatment team per T1 patient can be met if initial care for T2 (green) casualties is provided at a ratio of, for example, one TASC team to five patients and for T3 (green) patients at a ratio of 1 to 10.

Formation of TASC teams and operating teams {#Sec11}
-------------------------------------------

The successful surgical management of casualties requires that a senior triage coordinator and an emergency operational and medical coordinator (EOMC) are designated and organise the provision of care and that appropriate personnel are deployed to the various treatment areas (e.g. RED, operating room, YELLOW, GREEN, laboratory, X-rays, intermediate care, intensive care) in a rapid and focused manner. In addition, successful surgical care requires that treatment teams (TASC teams) and operating teams be composed in such a way that the required skills are available.

Whereas the availability of a sufficient number of specialists with TASC team skills (e.g. ATLS® providers) can be ensured as part of the preparation for major incidents, the formation of operating teams and the provision of appropriate amounts of sterile supplies, surgical instrument sets and, if required, disposable items are an organisational challenge.

The formation of teams with experience in the management of injuries involving body cavities is particularly difficult in the initial situation when resources are temporarily overwhelmed. A skills matrix may be created in order to organise the composition of teams and assess training needs as part of the preparation for major incidents.

First the required skills are defined. Then the persons responsible for continuing training (hospital directors or department heads) and surgeons are asked about these skills with a view to assessing what skills surgeons master, what skills they are comfortable with, and what skills they themselves and their superiors believe they can perform in an emergency situation.

This approach may give evidence of an imbalance between requirements and available capabilities which must be closed, for example through continuing training, courses and/or organisational measures.

Another possible way to address the lack of specialists in a major incident is to strengthen operating teams by including other specialist surgeons from within the hospital (e.g. vascular or visceral surgeons) or other personnel from outside the hospital (e.g. surgeons and scrub nurses) for special surgical procedures.

Temporary acceptance of compromised conditions in patients {#Sec12}
==========================================================

Bleeding patients whose circulation is centralised in shock inevitably experience hypotension. The concept of permissive hypotension is based on the idea that the temporary acceptance of a lower-than-normal blood pressure reduces the total loss of blood caused by the underlying injury.

Unless contraindicated (major traumatic brain injury), restrictive fluid therapy is used and no measures are taken to raise mean arterial pressure (e.g. administration of vasopressors, patient positioning) until bleeding is controlled \[[@CR18], [@CR19]\].

Studies have demonstrated that this approach led to a decrease in total blood loss and transfusion requirements in patients with penetrating injuries and bleeding into body cavities. In addition, they suggested that overall mortality and the incidence of organ dysfunction can thus be reduced over time. Permissive hypotension, however, is controversial since it involves a deliberate extension of the period of circulatory compromise and the state of shock in a patient who is in poor condition. For this reason, this strategy should be used only in tactical medical situations that require exceptional measures \[[@CR20], [@CR21]\].

The same applies to the acceptance of lower haemoglobin (Hb) levels in situations where resources are limited. According to the current version of the German Trauma Society (DGU®) Level 3 Guideline on the Treatment of Patients with Severe/Multiple Injuries, a target Hb level of 7--9 g/dl is safe in patients with severe/multiple injuries \[[@CR17]\].

Case reports, studies involving special patient populations, and a current report of a consensus conference suggest, however, that even lower Hb levels (\< 7 g/dl) may be temporarily accepted if blood rheology is optimised \[[@CR22]\]. This tactical medical approach, which may be used when resources are overwhelmed in a mass-casualty terrorist incident, is known as permissive anaemia.

Decisions regarding temporarily acceptable thresholds, the allocation of resources (blood products) to patients, and targets for these resources depend on the risk assessment by a healthcare provider (EOMC) and on the evaluation of comorbidities and confounders (e.g. age, gender, ischaemic heart disease, overall probability of survival).

Focused diagnostic laboratory and imaging procedures {#Sec13}
====================================================

Diagnostic laboratory tests {#Sec14}
---------------------------

An assessment of the severity of haemorrhagic shock, trauma-induced coagulopathy (TIC) and transfusion requirements is of decisive importance for initial stabilisation (resource planning), the success of subsequent surgical management and overall mortality. This also applies to situations in which resources are temporarily overwhelmed.

A number of studies have demonstrated that, for example, the severity of shock estimated on the basis of blood pressure, pH and base excess correlated with transfusion requirements \[[@CR23]--[@CR25]\]. These values can be obtained from standard blood gas analyses (BGA) that can be performed as bedside or point-of-care (POC) diagnostic tests \[[@CR26]\].

There is also evidence suggesting that the Hb level on admission is a surrogate for estimated blood loss and provides the basis for a successful calculation of requirements for the replacement of clotting products \[[@CR27]--[@CR29]\]. The international normalised ratio (INR) is discussed as another parameter for an assessment of trauma-induced dilutional coagulopathy and has been established as a POC test for patients on anticoagulant therapy.

At the same time, rotational thromboelastometry (ROTEM) and FIBTEM are used in a standardised manner in many medical centres as bedside or POC tests for assessing coagulation and guiding replacement therapy \[[@CR30]--[@CR32]\].

These diagnostic tests are available more rapidly than routine emergency diagnostic procedures but they too require personnel and material resources as well as time and expertise and thus training.

Although permissive hypotension and a low total Hb level (permissive anaemia) in young patients without known pre-existing or co-existing conditions can be initially accepted (unless contraindicated), the administration of blood products during the course of treatment is essential for the management of haemorrhagic shock and the prevention of organ dysfunctions and complications \[[@CR33], [@CR34]\].

A period of limited resources initially requires the focused allocation of diagnostic tools and blood products to patients with haemodynamical instability secondary to bleeding (T1 +  + ---haemodynamic instability *or* need for immediate surgery) *and* with a high probability of requiring immediate surgery for controlling haemorrhage and ensuring survival.

In a mass-casualty terrorist incident, the objective is to reduce routine laboratory tests in order to save resources, for example for the use of blood products and serology blood tests since supplies such as universal donor blood (type O and Rh negative blood) are likely to become scarce soon.

Figure [2](#Fig2){ref-type="fig"} shows a proposal for the focused use of diagnostic laboratory tests in accordance with triage categories. This approach allows diagnostic procedures to be deployed in such a way that time and personnel can be saved in a risk-adapted manner.Fig. 2*POC* point of care, *BGA* blood gas analysis, *Hb* haemoglobin, *INR* international normalised ratio, *TT* thrombin time, *aPTT* activated partial thromboplastin time

The purpose of blood gas analyses (BGA) in T2 patients, for example, is to detect occult blood loss. Depending on the availability of resources, BGA may be performed in T3 patients in order to detect respiratory failure in clinically suspected patients and to exclude blast injury to the lung.

Diagnostic imaging {#Sec15}
------------------

In a situation of scarce resources, the time required to perform a diagnostic imaging test must always be weighed against a possible delay in carrying out surgery and against the associated requirements in terms of personnel, material and equipment resources that are urgently needed in the management of other patients.

When the initial focus of attention is on haemodynamically unstable patients with penetrating injuries to body cavities, extended focused assessment with sonography in trauma (eFAST) is a rapid and non-invasive method for identifying the body cavity affected by bleeding. Conditions with similar signs and symptoms such as pericardial tamponade and tension pneumothorax can be ruled out \[[@CR35]--[@CR37]\]. The need for surgery can thus be confirmed using eFAST.

Initially, further diagnostic studies such as chest X-rays, pelvic X-rays or a trauma scan with contrast enhancement are relevant for treatment only if they provide additional information that helps improve outcome or if eFAST results are not conclusive.

It would be interesting to discuss whether an increased number of negative exploratory laparotomies or thoracotomies as a result of wide indications for surgery are tactically acceptable in a situation of limited resources. This should be prevented by targeted diagnostic procedures since surgical capacities are absolutely scarce in the initial period of a situation of limited resources.

The advantages of contrast-enhanced whole-body computed tomography (CT) scans (trauma scans) are undisputed when individualised medical care can be provided to trauma patients \[[@CR38], [@CR39]\]. In a mass-casualty terrorist incident in which resources are temporarily overwhelmed, the emergency operational and medical coordinator (EOMC) must, however, carefully decide how to allocate this diagnostic resource among the many patients.

A CT scan always requires a considerable amount of resources since patients must be transported to the scanner, may need to be moved, and may require additional intravenous access and changes of position. Waldeck et al. reported that time can be saved when an abbreviated standardised algorithm is established which focuses on the detection of bleeding and life-threatening conditions and which can be useful to identify typical terrorism-related injuries in a mass-casualty terrorist incident \[[@CR40]\].

Calculated instead of targeted replacement of blood and clotting products {#Sec16}
=========================================================================

Based on the same principles as above, the objectives and indications for the replacement of clotting products (Fig. [3](#Fig3){ref-type="fig"}) too can be adapted to triage categories and priorities for immediate surgery.Fig. 3*Hb* haemoglobin, ETC early total care, *DCS* damage control surgery, *TASC* tactical abbreviated surgical care

As described above, the temporary acceptance of permissive hypotension and permissive anaemia can lead to tissue hypoxia and prolong or worsen the shock state. In addition, it can cause acidosis and thus aggravate coagulation dysfunction (the triad of death).

Whereas requirements for the replacement of clotting products can be calculated, the assessment of a prolonged state of shock is based on a clinical evaluation of the patient and laboratory findings. The pH value, measured by blood gas analysis, can be temporarily influenced, for example by modifying ventilation or administering buffers.

Local coagulation is of prime importance for the success of measures taken by a surgeon to control bleeding into a body cavity or from an injury to a parenchymatous organ.

The main purpose of all efforts is to provide for optimum coagulation conditions at the time of surgical intervention. If the patient's general condition allows for permissive hypotension and permissive anaemia, the replacement of fluids and oxygen carriers should be started in a TASC setting only after bleeding is controlled.

Patients requiring surgery (all T1 +  + patients and selected T1 patients) should receive calculated amounts of tranexamic acid, fibrinogen and prothrombin complex concentrates (PCC) as soon as possible in accordance with the current European guideline \[[@CR26]\].

Hospitals must decide on an individual basis how these recommendations can be implemented (e.g. massive transfusion protocols) in order to ensure preparedness for a mass-casualty terrorist or other major incident.

The administration of blood products (packed red blood cells, fresh frozen plasma and platelets), however, should not be based on automatic indications used in the setting of individualised medical care since these blood products are scarce resources during the initial stage of a mass-casualty terrorist incident. Supplies of blood products are limited and considerable routine laboratory time and personnel resources are required before patient-specific cross-matched red blood cells are released.

Theoretical need for blood products in a mass-casualty terrorist incident {#Sec17}
=========================================================================

The German Trauma Society (DGU®) Guideline on the Treatment of Patients with Severe/Multiple Injuries recommends that six units of O Rh negative packed red blood cells (PRBCs) be stockpiled for every patient who meets the activation criteria for the trauma team (e.g. presence of a penetrating injury) \[[@CR17], [@CR41]\].

In 2016, Bieler et al. conducted a survey based on data from the trauma registry of the German Trauma Society (TraumaRegister DGU®) and reported that 26.9% of patients with penetrating gunshot wounds and 18.4% of patients with penetrating stab wounds required transfusions within the first 24 h in the setting of individualised medical care. Approximately 6.7% of these patients required massive transfusions, i.e. more than 10 units of PRBCs \[[@CR42]\].

By contrast, Geissler et al. reported in 2015 in a subgroup analysis that patients with multiple trauma on average required 8--10 units of PRBCs, 17 units of fresh frozen plasma (FFP), and 3 units of platelets during their hospital stay \[[@CR43]\].

In 2012, Bala et al. analysed data from 137 patients who had been admitted to an Israeli Level I trauma centre following a suicide bombing attack. Bala et al. reported that almost 40% of these patients, most of whom had sustained blast injuries, required blood transfusions during the first two hours. The mean number of transfused PRBCs was 4 (range 0--59) units per patient. It is interesting to note that the number of ordered PRBC units was twice as high as the number of transfused PRBC units. This result clearly demonstrates the adverse consequences of over-triage and large-scale orders of PRBCs. Only 10% of the patients required massive transfusions \[[@CR44]\].

A retrospective analysis of transfusion requirements following the attacks in Paris and Nice revealed that patients who required blood transfusions received a mean number of 4--8 RBC units in Paris and 3--7 RBC units in Nice as well as a mean number of 4 units of FFP and 0--4 units of platelets in both Paris and Nice \[[@CR45]\]. Whether the percentage of patients receiving blood products, nor the range of the overall need were shown in detail.

Where possible, women received type O Rh negative RBCs. Men received either O Rh positive or negative RBCs. As soon as blood typing results were available, all patients received patient-specific compatible RBCs.

The aforementioned studies suggest that every haemodynamically unstable T1 +  + patient requires a mean of 6 PRBC units, 4 FFP units and 2 platelet units. The question now arises whether these transfusion requirements can be met by current hospital blood supplies.

In 2018, we conducted a telephone survey (on weekdays at 10:30 a.m.) that involved a medium-sized trauma network (DGU® TraumaNetzwerk®). We assessed the blood supplies stored at local trauma centres (LTCs), regional trauma centres (RTCs) and supra-regional trauma centres (STCs) (Table [1](#Tab1){ref-type="table"}).Table 1Blood supplies in a trauma network (TraumaNetzwerk® DGU®)*PRBC* packed red blood cell, *STC* supra-regional trauma centre, *RTC* regional trauma centre, *LTC* local trauma centre, *FFP* fresh frozen plasma

Assuming that every haemodynamically unstable T1 +  + patient requires 6 PRBC units, 4 FFP units and 0--4 platelet units in a mass-casualty terrorist incident, Table [1](#Tab1){ref-type="table"} gives an idea of how the transfusion requirements of patients can, or must be, managed using available supplies. If possible, 50% of the transfusion requirements should be met with universal donor blood (type O and Rh negative and positive PRBCs).

Patient flow in environments with strained resources {#Sec18}
====================================================

Figure [4](#Fig4){ref-type="fig"} gives an example of how to manage in-hospital patient flow and care on the basis of the results of initial triage on admission, the organisation of immediate life-saving measures as advised by the ATLS® system, and the tactical and strategic principles of TDSC®.Fig. 4*LArS/STC* senior triage coordinator, *ZONK/EOMC* emergency operational and medical coordinator, *ED* emergency department, *ICU* intensive care unit, *IMC* intermediate care, *POC* point of care, *OR* operating room, *DCS* damage control surgery, *TASC* tactical abbreviated surgical care

Following categorisation, T1 (RED) patients must rapidly have a primary survey conducted by a TASC team, which has the skills required to provide this type of care.

Further diagnostic procedures are then performed depending on triage categories, the urgency for surgical management, and the overall situation.

Figure [5](#Fig5){ref-type="fig"} shows a case example with a patient showing up with a penetrating abdominal injury in a mass casualty situation. This case demonstrates that individual decision making in the group of red categorized patients is not that easy and point out the crucial role of the emergency operational and medical coordinator (EOMC). The EOMC determines the further management of patients, the priorities for diagnostic and/or surgical procedures, and the type and scope of diagnostic (laboratory and imaging) procedures that are essential for ensuring patient survival and the success of surgical stabilisation (COORDINATING).Fig. 5Case example: penetrating abdominal injury in a mass casualty situation

Laboratory tests can, for example, be performed as focused POC diagnostic procedures (Fig. [4](#Fig4){ref-type="fig"}). All required measures are then implemented by the TASC team or an operating team as rapidly as possible.

Once stabilised, patients are transferred from the operating room to, for example, the intensive care unit (ICU). When patients develop haemodynamical instability on the ICU despite all medical and surgical measures, the EOMC must again determine priorities for further diagnostic and surgical procedures and must make necessary arrangements.

T2 (YELLOW) patients are monitored in appropriate treatment areas where they are managed by treatment teams. Depending on the availability of capacities, they are transferred to (RED) treatment areas and have a primary survey that is conducted by treatment teams, for example following the management of T1 patients.

When a (T2 or T3) patient develops a life-threatening injury-related condition or when a surgeon assigns a patient to a higher triage category, the patient can rapidly have a primary survey by an appropriate treatment team or can be transferred to the next higher treatment area, provided the necessary capacities are available and the EOMC has been consulted.

Conclusions {#Sec19}
===========

When hospital resources are overwhelmed during the initial stage of a mass-casualty terrorist event, the provision of situation-adapted tactical and strategic casualty care in accordance with TDSC® principles, i.e. CATEGORISING, PRIORITISING, COORDINATING, and IMPLEMENTING, is an effective approach to managing a dynamic major incident.

An incident management approach that is tailored to the situation and based on tactical aspects provides the basis for medical care, the primary aim of which is to ensure the survival of as many patients as possible. This type of tactical medical care necessitates first and foremost the appropriate triage of the injured at the hospital.

Available resources, which are temporarily scarce in a mass-casualty terrorist incident, can then be deployed in a focused manner. This type of tactical and strategic management of patients in environments with strained resources can be effective also in conventional mass-casualty incidents.

After categorisation, T1 (RED) patients have a primary survey. The purpose of this approach is to identify haemodynamically unstable patients with bleeding into body cavities as early as possible. These patients are prioritised for emergency surgical procedures and the necessary arrangements are made. Diagnostic procedures and additional measures are performed in order to ensure the success of surgery without causing a delay.

When resources are scarce during the initial stage of a mass-casualty terrorist event, TASC teams that have the skills needed to perform a primary survey are required. Fluid therapy should be restrictive (permissive hypotension) unless contraindicated. Clotting products are replaced in a standardised manner on the basis of patient requirements, which are calculated using rapidly available surrogates (blood gas analysis).

Blood products can be administered or kept available depending on risks and triage categories. The highest priority should be given to casualties who require immediate surgery for injuries associated with bleeding into body cavities (T1 + +).

The recommendations and approaches described here should be considered as proposals for hospitals to develop standards or modify well-established standards that enable them to prepare themselves successfully for situations (e.g. mass-casualty terrorist or shooter incidents) in which their resources are temporarily overwhelmed.

In conclusion the TDSC course with its idea of a focussed in-hospital diagnostic work up and treatment, related to a staged process of initial categorization, prioritising, coordinating and implementing is directly connected to the well-established MRMI (Medical Response to Major Incidents & Desasters) course. Herein a region or country is faced to one or more major incidents over a longer real time period and multiple causalities.

The MRMI course trains the mutual interaction of regionally available medical units for the management of a mass casualty incident both prehospital and in-hospital, taking into account different care levels.\[[@CR46], [@CR47]\] But the impact of in-hospital decision making especially related to different strategies of surgical treatment (TASC versus DCS) and/or the need of resources is not that simulated in detail. Both courses with their different aims and didactics complement one another and will improve treatment and care in a mass casualty situation.
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